Mechanisms by which chemotherapeutic agents augment the antitumor effects of tumor necrosis factor: involvement of the pattern shift of cytokines from Th2 to Th1 in tumor lesions.
The antitumor effect exerted by tumor necrosis factor (TNF) is characteristic in that it causes central necrosis of the tumor mass. Viable tumor cells surrounding the tumor mass remain, however, even after most of the mass is necrotized, and these cells gradually regrow and form tumors. To overcome this, we analyzed the combined effects of chemotherapeutic agents used with TNF. Alkylating agents such as cyclophosphamide altered the antitumor effect qualitatively, leading to complete regression which TNF alone could not achieve. The mechanism, behind the enhancement of endogenous TNF production and expression of mRNA of various cytokines by the combination of chemotherapeutic agents with TNF inducer was investigated in Meth A fibrosarcoma. Seven days after the inoculation of Meth A fibrosarcoma into BALB/c mice, cyclophosphamide (CY, 100-150 mg/kg) was injected intraperitoneally, and 7 days later endogenous TNF was induced by the intradermal administration of lipopolysaccharide (LPS, 400 micrograms/kg) or intravenous injection of ONO-4007, a synthetic lipid A derivative (30 mg/kg). A combination therapy of LPS or ONO-4007 with CY showed the effect of complete regression in 50-100% of tested mice, while CY, LPSp or ONO-4007 alone did not cause complete regression. The amount of endogenous TNF induced by LPSp or ONO-4007 around a tumor lesion with CY was 4-5 fold higher than that without CY. The expression of mRNA of transforming growth factor-beta was suppressed by CY seven days after the injection, and expressions of mRNA of IL-1 beta and TNF-alpha were augmented by the administration of CY 1 to 3 hours after the administration of ONO-4007. Some chemotherapeutic agents thus appear to augment the antitumor effect of TNF around tumor lesions, leading to tumor regression through a mechanism in which the agent changes the host's immune status, especially around a tumor lesion and pattern shift of cytokines from Th2 to Th1.